Introduction
Studies on wire array Z-pinches have recently been of great interest for the intense soft X-ray source applications in inertial nuclear fusion driver [13], lithography [4, 5] and other technology [68] because of the development of fast and high-energy pulsed power technology. In the early stage of wire array Z-pinches, the dense precursor plasma encircling the single wire forms during the prepulse preceding the main current pulse. The single wire plasma column expands, touches and couples with the adjacent ones in the array to form a converging plasma liner, and just then the main current pulse comes and drives the plasma liner to implode ( fig. 1) . Unequivocally, the state and coupling condition of single wire plasma column are critical factors to determine the initial uniformity of the imploding plasma liner and to affect the development of Rayleigh-Taylor (RT) instability on the outer surface of plasma liner during the implosion stage, even the later stage of the liner stagnation on the symmetry axis. The growth of RT instability will reduce the intense soft X-ray yields and power when the liner stagnates to some extent. The single wire exploding and their merging are the seed for the instability. 
Experimental setup
The sketch of experimental setup is shown in fig. 2 . It consists of the electric circuit unit, the vacuum unit and the diagnostics unit. The charging voltage V 0 of the capacitor (C = 0.25 µF) is adjustable between 10 ~ 50kV. The circuit inherent inductance is L = 136 nH. The voltage of the wire load is measured with a resistance voltage divider (886:1) and the load current is measured with a Rogowski coil (400 loops, inherent inductance 28 µH, self−integrated resistance 0.6 Ω). The current and voltage waveforms are recorded by a Tek744 digital oscilloscope with 500MHz sampling frequency. The vacuum system is kept working during all the experiment course to get to and maintain the required vacuum in the specially designed wire load chamber where the air pressure typically is about 1×10 -3 Pa. The photographer slot is perpendicular to the wire and the change in the radius of dense plasma column was scanned by the high speed photographer (HSP) with a rotating mirror of 2.4×10 5 rpm. The rotation mirror controller, the synchronous pulse device and the main controller are all integrated into a HSP box. The experiment setup is shown in fig. 3 . 
Experimental results and discussions
The photographer would begin to work when vacuum in the wire load chamber met the requirement. The triggering voltage pulse triggered the field distortion closing switch to let the current pass the wire load and to explode it. fig. 4 shows the scanning contours of the radial expansion of dense plasma column under peak pulse current of 4,5 kA, 7 kA, 9,5 kA respectively with the same risetime τ = 240 ns. The general error for the experimental system and the photograph ' s judgement is 5 µm. The copper wire load was preliminarily of length L = 30mm and diameter D = 30 µm. The three pictures in fig. 4 are clear at the early stage, but they become blurred after 400 ns from the plasma formation. A possible cause is that the current in the plasma column decreased greatly and the acceleration at the coronal of plasma became negative, so that the hydrodynamics instability and perturbation could generate and grow.
The time-dependent radii R (t) of plasma columns in 400ns are plotted in Fig5 where it is obvious that the expansion rate of plasma column increases with the peak current increasing due to the deposited energy in the plasma increasing. The mean expansion rates during that time are 1.94 µm/ns, 2.6 µm/ns and 3.75 µm/ns according to the peak pulse current 4.5 kA, 7 kA, 9.5 kA respectively. It is noted that the expansion rate in the first stage ( 0 ~ 200ns ) for the peak pulse current 9.5kA is even as high as 5.5μm/ns, then decreases to 1.5μm/ns in the duration of 200~400ns. a) peak pulse current 4.5 kA b) peak pulse current 7 kA c) peak pulse current 9.5 kA The reason for this phenomena is that the inner thermodynamic potential in the copper wire exploding plasma caused by considerably high pulse and sinusoidal current will be larger than self-pinch electromagnetic force within 400ns but the reverse may come forth after 400ns because the current can be comparatively low during that time. Fig 6 shows comparison between the plasma ' s inner thermodynamic potential and self-pinch electromagnetic force under 7kA peak pulse current condition. This two kinds of force are gained by using the numerical simulation of one degree magnetohydrodynamics (1D MHD) procedure. It is distinct that the plasma inner thermodynamic potential can be much great (about 10 3 order) than self-pinch electromagnetic force during 400ns. So that it is easy to dress the experiment fact that the plasma column could keep the expanding trend from 0~400ns. The similar results can be drawn from numerical simulation under 4.5 kA and 9.5kA peak pulse current conditions. The expansion rates are uniform generally in 4.5kA and 7kA peak pulse current conditions because the self-pinch electromagnetic force can compensate the inner thermodynamic potential synchronously. Assuming the risetime of prepulse is 300ns and the high frequency waveforms can be omitted, the prepulse current rises to 4.5kA during that time, and so that the wire gap should not be large than 1.164mm to obtain a intact plasma liner before the main pulse come. If the value of prepulse current changes to 7 kA, the wire gap should not be large than 1.560mm accordingly. In general, the basic parameter--wire gap of the wire-array load ' s concept design can be determined.
Conclusions
Radial expansion of the plasma column initiated by electrically exploding copper wire is linearly increasing with peak current increasing during preliminary stage under certain risetime of the pulse. During the initial phase of the wire-array Z-pinch experiment, there are two typical methods to obtain the plasma liner forming uniformly and symmetrically: 1. The gap between fine wires of the load should be adjusted appropriately and determined experimentally with fixed wires mass and the driver. 2. For fixed configuration of wire-array Z-pinch load, the prepulse of the driver must be adjusted to fit for the plasma liner forming. The work is supported by pre-research Foundation of CAEP under Grant No.20010103.
